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Abstract Appropriate anatomic concepts for surgery to
treat femoroacetabular impingement require a precise
appreciation of the native acetabular anatomy. We there-
fore determined (1) the spatial acetabular rim profile, (2)
the topography of the articular lunate surface, and (3) the 3-
D relationships of the acetabular opening plane comparing
66 bony acetabula from 33 pelves in female and male
pelves. The acetabular rim profile had a constant and reg-
ular wave-like outline without gender differences. Three
prominences anterosuperiorly, anteroinferiorly and pos-
teroinferiorly extended just above hemispheric level. Two
depressions were below hemispheric level, of 9 at the
anterior wall and of 21 along the posterosuperior wall. In
94% of all acetabula, the deepest extent of the articular
surface was within 30 of the anterosuperior acetabular
sector. In 99% of men and in 91% of women, the depth of
the articular surface was at least 55 along almost half of
the upper acetabular cup. The articular surface was smaller
in women than in men. The acetabular opening plane was
orientated in 21 ± 5 for version, 48 ± 4 for inclination
and 19 ± 6 for acetabular tilt with no gender differences.
We defined tilt as forward rotation of the entire acetabular
cup around its central axis; because of interindividual
variability of acetabular tilt, descriptions of acetabular
lesions during surgery, CT scanning and MRI should be
defined and recorded in relation to the acetabular notch.
Acetabular tilt and pelvic tilt should be separately identi-
fied. We believe this information important for surgeons
performing rim trimming in FAI surgery or performing
acetabular osteotomies.
Introduction
Several authors have recently amplified and refined the
notion of femoroacetabular impingement (FAI) as a
mechanism causing hip osteoarthritis [20, 21]. Direct
damage to the hip can be caused by variations in size,
shape, and orientation of either the proximal femur [15, 24,
27, 36, 47, 50], the acetabulum [11, 22, 54], or a combi-
nation of both [4]. The predilection for femoroacetabular
abutment and subsequent lesions is the anterosuperior
acetabular rim [3, 4, 26, 35, 37, 38, 58], with gender dif-
ferences in the damage pattern for cam and pincer
impingement [4, 26].
Only a limited number of studies have quantified the
morphological characteristics of the human acetabulum.
The outer contour of the acetabulum is variable and some
have less than hemispheric acetabular shapes [40, 56, 65–
68]. A recent study denoted four configurations along the
anterior wall as curved, angular, irregular, or straight [40].
The posterior acetabular wall has been proposed to be
hypoplastic, accounting for acetabular retroversion [23].
However, this notion was not confirmed by two more
recent studies suggesting the entire acetabular complex
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may be maloriented into retroversion [28, 29]. Surgeons
performing direct surgery at the acetabular rim or reori-
entation procedures to treat acetabular pathologies, such as
hip dysplasia or femoroacetabular impingement [3, 18, 19,
31, 44, 45, 52, 58, 59], need to be aware of the detailed
acetabular topography.
We therefore quantified and compared (1) the spatial
acetabular rim profile, and topography of the articular
lunate surface, as well as (2) the 3-D relationships of the
acetabular opening plane to the pelvic frontal plane
between women and men.
Materials and Methods
We examined 52 randomly selected bony pelves (104
acetabula) from the skeletal collection of the Institute for
Anthropologic Research, Basel, Switzerland. These were
derived from the population residing in Switzerland
between the 6th and the 13th century. The average height
of the male population in the Early Middle Ages was
practically the same as today [60]. We excluded acetabula
with bony destruction, dysplasia, or advanced osteoar-
throsis, and unpaired hips. This left 66 acetabula (33
pelves; mean age, 47 ± 10 years; range, 18–60 years)
available for detailed measurements. Sixteen were female
(8 pelves; mean age, 44 ± 15 years; range, 18–60 years)
and 42 were male (21 pelves; mean age, 48 ± 6 years;
range, 30–60 years). On eight acetabula (four pelves), no
information concerning age and gender was available.
All morphologic acetabular measurements were per-
formed by one observer (WK) on plaster molds made from
the entire bony acetabulum. A transparent plate, imprinted
with a clock face overlaying a geographic coordinate sys-
tem, was centered over the plaster mold. The tripod of the
anterosuperior, the anteroinferior, and the posteroinferior
rim prominences defined the acetabular opening plane and
its spatial position. Placement of all three rim prominences
on the same geographic circle of latitude centered the plate
correctly. The 180 (6:00) meridian line was positioned
over the midpoint of the acetabular notch. Thirty-six ref-
erence points in 10 increments along the rim were marked.
The perpendicular projection of the center of the plate onto
the fossa established the acetabular center pole. The length
of the arc from center pole to the acetabular rim and to the
fossa was then taken along the meridian line at each of the
36 rim points using a flexible measuring tape (Fig. 1A). To
obtain the length of the arc of the articular surface, the
length of fossa was subtracted from the corresponding
length of rim arc. The width of the acetabular notch was
measured by the inside jaws of a vernier caliper gauge. For
comparison of acetabula of different diameter, all linear
measurements were transformed into degrees. This
conversion was made with the formula: alpha = 180 * arc/
(Pi * radius). We used the function
f xð Þ ¼ 2r  sin a=2rð Þ  c; a ¼ arch; c ¼ chord; r ¼ radiusð Þ
to compute the unknown radius. Chord and arc length were
therefore measured along the 90 and the opposing 270
meridian of each acetabulum (Fig. 1B). The Excel1 solver
program (Microsoft1 Office Excel1 2003; Microsoft Corp,
Redmond, WA) was used for root finding of this formula
according to the Newton-Raphson method. Our approach
was analogous to that of the earth’s globe: distances along
the meridian were given in degrees with reference to the
acetabular (center) pole at 0 and defined as depth (lati-
tudes). The extent along the acetabular rim was defined as
width (longitudes), given in degrees [4]. The 90 latitude
Fig. 1A–B (A) Measurements of the length of the arc from
acetabular center (pole) to the different structures of interest along
the meridian at each of the 36 rim points (= depth) as shown in bold
lines. Depth of the rim is shown in the right lower quadrant, depth of
the articular surface in the right upper quadrant, and, depth of the
fossa in the left upper quadrant. The width of these structures was
given as the distance in a clockwise manner along the rim. (B)
Measurement of chord and arc from 3:00 (90 anterior) to 9:00 (270
posterior) for calculation of the radius.
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circle defined the equatorial line of a hemisphere. Locations
along the rim were given in a clock-like manner in hours
(00:00) and minutes (0). For illustration and comparison
purposes, all data on left-sided acetabula were mirrored
along the 180 meridian line and are shown as right-sided
acetabula. While we assumed symmetry, this was possible
because the axes of symmetry through the middle of the
acetabular notch were similar for the left and right side.
Spatial measurements of the acetabular opening plane in
relation to the pelvic frontal plane required reconstruction
of all pelves (which had been separated at the sacroiliac
joint) proportional to the pelvic shape and size [9, 16, 64],
using glue and radiolucent spacers of 2 to 11 mm. We
defined spatial position of the acetabular opening plane by
the aforementioned transparent measuring plate, which
was placed directly onto the acetabula of the bony pelvis
in the same manner as on the plaster molds and fixed
with removable adhesive (Blu-tack1; Bostik Findley Ltd,
Stafford, UK). The bony pelvic specimens were placed in
prone position onto a flat measuring grid table. Both
anterior superior iliac spines (ASIS) and the pubic tubercle
of the pubic symphysis defined the anatomic reference
plane [2, 41]. We measured acetabular inclination and
version with a goniometer as the radiological projection of
the opening plane according to the definition given by
Murray [46]. Direct acetabular version was measured in
addition as the angle of the cord along the anterior and
posterior rim and the parasagittal plane. We measured a
third variant of spatial acetabular position: the acetabular
tilt. Acetabular tilt was defined as rotation of the entire
acetabular cup around its central axis going through the
center of the acetabular sphere and the pole and measured
as the angle between the pelvic frontal plane and the pro-
jection of the 180 meridian line on the opening plane
(Fig. 2). Forward tilt of the acetabular notch was given
with positive values in degrees. Results in metric mea-
surements and calculations in degrees were rounded to full
numbers. Longitudinal rim locations were rounded to the
nearest 10 point (=20 minutes).
Data are presented as mean ± standard deviation.
Eighty percent of the data were normally distributed using
the Kolmogorov-Smirnov test and from visual inspection
of the normality plot. For the remaining data set the skew
and kurtosis values divided by their standard errors sug-
gested a relatively small deviation from normality.
Therefore a parametric approach was chosen for analysis.
Two-way mixed analysis of variance (ANOVA) on each
dependent variable, with one within-subject factor (side) on
two levels (right and left side), and one between-subject
factor (gender) on two levels (male and female) was used.
When possible the exact p level, the mean difference, and
its confidence interval (95%) were given. The Cohen effect
sizes (d) as the mean difference divided by the pooled
standard deviation was supplied with descriptors for the
interpretation of d according to the benchmarks of Cohen:
\ 0.2 = trivial, between 0.2 and 0.5 = small, between 0.5
and 0.8 = medium, [ 0.8 = large [8]. We observed no
correlations in any of the dependent variables when these
were expressed in degree, indicating no violation of the
independence assumption. Statistical tests were carried out
with SPSS (version 13.0, SPSS Inc, Chicago, IL).
Results
The outer acetabular bony rim was shaped in a regular
wave-like manner with three constant prominences and two
depressions (Fig. 3). The prominences were anterosuperior,
anteroinferior, and posteroinferior. The depressions were at
the anterior wall and along the posterosuperior wall. The
opening plane, defined by the peaks of the three promi-
nences extended slightly above the hemispheric level. The
anterior depression was 9 below the level of a hemisphere.
The posterosuperior depression was 21 below hemisphere
(Table 1). The profile of the entire outer rim, including the
locations of prominences and depressions, were not dif-
ferent in females and males (Table 2, Fig. 4A).
The depth of the articular surface in females was less
than in males in the cranial area from 10:00 to 12:20
(0.002 \ p \ 0.033, Cohen descriptor: medium to large)
and adjacent to the acetabular notch, (Fig. 4B). The mean
location of deepest extent of the articular lunate surface
was at 1:00 (anterosuperior), with a mean depth of 76. In
94% of all acetabula this was situated at ± 200 from this
location. In 99% of males and 91% of females, the depth of
the articular surface was not less than 55 along the rim
sector from 10:00 to 2:00 (Fig. 5). The craniosuperior
border of the fossa was situated closely adjacent to the
Fig. 2 Acetabular tilt was measured as the angle between the pelvic
frontal plane and the acetabular meridian line from 12:00 to 6:00.
Forward tilt of the acetabular notch was given with positive values in
degrees.
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acetabular center-pole at around 11:00. The fossa was
deeper in females than in males at several areas: centrally
from 10:20 to 12:20 and adjacent to the acetabular notch
(0.0001 \ p \ 0.052, Cohen descriptor: medium to large)
(Fig. 4C). The width of the acetabular notch was 51 ± 6,
and it was wider in females than in males (p = 0.00007,
Cohen descriptor: large) (Table 3). The gender differences
in the depth of the articular surface were characterized by
the size of the fossa and the width of the notch rather than
by the outer rim profile (Fig. 4A–C). The mean calculated
acetabular diameter was 52 mm ± 4 mm. It was smaller in
females than in males (p \ 0.00001, Cohen descriptor:
large) (Table 4).
The acetabular opening plane was orientated 21 ± 5
for version, 48 ± 4 for inclination, and 19 ± 6 for tilt.
Version measured on direct rim measure was 18 ± 6.
Version was different between females and males on direct
rim measures (p = 0.013, Cohen descriptor: medium), but
not for the opening plane measures (p = 0.336, Cohen
descriptor: small). The correlation coefficient for the two
measuring methods of acetabular version was 0.797. There
was no difference for inclination and tilt in females and
males. Despite the relatively narrow interval of confidence,
the minimum and maximum values for all spatial mea-
surements differed widely (Tables 4 and 5).
Discussion
Appropriate surgical concepts for treating femoroacetabu-
lar impingement require a precise appreciation of the native
acetabular anatomy. We therefore quantified and compared
(1) the spatial acetabular rim profile and topography of the
articular lunate surface as well as (2) the 3-D relationships
of the acetabular opening plane in relation to the pelvic
frontal plane between female and male pelves.
12:00
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02:00
03:00
04:00
05:00
06:00
07:00
08:00
09:00
10:00
11:00
Mean of acetabular rim Mean of acetabular fossa Mean + SD Mean - SD
90°
0°
60°
30°
Fig. 3 The figure shows mean
and standard deviation of rim
and fossa values as a function of
its geographical reconstruction in
degree. 0 is at the pole of the
acetabular hemisphere, 30, 60,
and 90 are indicating the depth
of the cup (latitude). The circle
at 90 marks the equatorial level
of the hemisphere. The rim,
fossa, and articular surface loca-
tions are indicated in a clockwise
distribution from 1:00 to 12:00
with the acetabular notch as the
caudal landmark for 6:00 (longi-
tude). The three prominent areas
are anterosuperior, anteroinferi-
or, and posteroinferior. The two
depressions along the anterior
and posterosuperior wall can
clearly be distinguished.
Table 1. Distribution of prominences and depressions along the rim given in a clock-like manner as mean with standard deviation and range,
mean and range is indicated as hours and minutes, standard deviation is indicated in minutes
Rim configuration Acetabular location Rim location clock-like [hour:minute] Depth (latitude) []
Prominences Anterosuperior 01:50 ± 20 (01:00–02:30) 90 ± 5 (76–102)
Anteroinferior 04:40 ± 10 (04:20–05:00) 92 ± 5 (79–104)
Posteroinferior 07:50 ± 10 (07:20–08:20) 92 ± 5 (78–106)
Depressions Anterior wall 03:20 ± 20 (02:40–04:00) 81 ± 5 (70–94)
Posterosuperior wall 11:00 ± 20 (10:00–12:00) 69 ± 7 (49–82)
All results are rounded to 10 minutes. The depth gives the distance at those locations measured from acetabular center (pole) to the rim in degree
with mean, standard deviation, and ranges, results were rounded to one degree.
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Interpretation of our data may be limited because the
collection of specimens did not include those with dys-
plasia and coxarthrosis. However, we believe the features
of normal anatomy should be known for comparing to
pathological deviations. Another limitation may be that all
measurements were performed manually by one observer
with relatively simple measurement devices and that no
inter- or intraobserver measurements were performed.
Plaster molds are considered the gold standard in ortho-
dontic treatment due to their high accuracy and reliability.
Comparative studies suggest no differences between com-
puter-guided and manual measures [53, 62]. The acetabular
surface is only approximately spherical, with ellipsoid or
conchoid deviations of the radius in the magnitude from
\ 0.1 mm to 1.8 mm [5, 13, 25, 42, 56]. Such incongru-
ence may have influenced our mathematical calculations.
Most previous studies on acetabular measurements
similarly assumed sphericity of the acetabulum and are
therefore amenable for comparison [51, 65, 67]. We tested
the sphericity assumption with the Mauchly test. Violation
of this assumption was taken into account adjusting the
degrees of freedom with Huynh-Feldt correction. Com-
parison of our calculated radius with previous studies
further suggests validity of our data (Table 6) [7, 14, 49,
56, 61, 63, 65, 68]. The interpretation of our 3-D studies of
the acetabular opening plane may be limited by the
unknown individual pelvic tilt of the archeological speci-
men. Spatial measurements were therefore related to the
frontal pelvic plane, which is commonly used as a refer-
ence [2, 41].
Our measurements of the rim profile unites and confirms
previous reports on irregularities of the outer shape of the
acetabulum or of a smaller than hemispheric acetabular
size [40, 56, 65–68]. One study denoted four configurations
Table 2. Gender differences concerning the rim location and the depth at the prominent and depressed rim areas. Rim location is abbreviated
with ‘‘rim’’, distance from acetabular center to rim is abbreviated with ‘‘depth’’
Rim configuration and
acetabular location
Mean difference CI95% CI95% G x S G S d d
Female/Male Lower Upper P level P level P level Value Descriptor
Prominence
Rim anterosuperior 2.7 8.1 2.7 0.469 0.319 0.045 0.30 Small
Rim anteroinferior 1.5 5.1 2.1 0.449 0.420 0.531 0.25 Small
Rim posteroinferior 0.5 4.1 3.1 0.876 0.798 0.616 0.07 Trivial
Depth anterosuperior 2.2 5.2 0.8 0.898 0.152 0.872 0.42 Small
Depth anteroinferior 1.6 4.5 1.3 0.285 0.285 0.668 0.31 Small
Depth posteroinferior 1.5 4.5 1.4 0.421 0.302 0.782 0.30 Small
Depression
Rim anterior wall 3.8 8.6 1.0 0.843 0.117 0.743 0.49 Small
Rim posterosuperior 2.8 4.3 1.0 0.628 0.429 0.016 0.22 Small
Depth anterior wall 0.4 3.1 2.4 0.946 0.800 0.893 0.08 Trivial
Depth posterosuperior 1.3 5.3 2.8 0.824 0.528 0.667 0.19 Trivial
CI = confidence interval; G = ANOVA for female and male gender; S = ANOVA for left and right side; d-value = Cohen effect size; d-descriptor =
benchmarks according to Cohen
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Fig. 4A–C The mean difference with confidence interval (x-axis)
between genders at different locations along the circumferential rim
(y-axis) is shown. (A) Rim, (B) articular surface, (C) fossa. The
gender differences in the depth of the articular surface were
determined by the size of the fossa and the width of the notch, rather
than by the outer rim profile.
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along the anterior rim as curved, angular, irregular, or
straight [40]. In agreement with a recent study [68], we
measured the irregular configurations, but found the ante-
rior rim depression was never straight. Two studies
described a wave-like profile of the acetabular rim similar
to that in our study [67, 68]. Differences in the individual
extent of the anterior and the posterior depressions in the
more recent of these studies may be related to differences
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Fig. 5 The measurements of
the depth of the articular surface
in degrees of men and women
are shown in a 2-D presentation
with cylindrical coordinates. On
the x-axis, a clockwise indica-
tion of circumferential rim
locations is overlaying a geo-
graphic system in degrees; the
acetabular notch can be seen at
both extremities. The mean
depth of the articular surface is
given on the y-axis in degrees
for females and males sepa-
rately. Gender differences can
be distinguished centrally, from
10:00 to 12:20 and towards the
acetabular notch anteriorly and
posteriorly.
Table 3. Values for radius and acetabular notch with significant gender differences for both variables
Variable Mean difference CI95% CI95% G x S G S d d
Female/Male Lower Upper P level P level P level Value Descriptor
Notch [] 7.1 3.8 10.4 0.802 0.00007 0.891 1.11 Large
Radius 3.2 4.1 2.4 0.832 \ 0.00001 0.832 1.66 Large
Table 4. Statistical evaluation of spatial measurements for the opening plane. The only difference seems to be in version of direct rim measure,
with a p-level of 0.013 and descriptor of Cohen effect size medium
Variable Mean difference CI95% CI95% G x S G S d d
Female/Male Lower Upper P level P level P level Value Descriptor
Age 4.2 10.0 1.6 1.000 0.155 1.000 0.43 Small
Version direct rim 4.1 0.9 7.4 0.251 0.013 0.939 0.76 Medium
Version opening plane 1.6 1.7 5.0 0.699 0.336 0.495 0.30 Small
Tilt opening plane 1.3 4.6 2.1 0.265 0.457 0.107 0.22 Small
Inclination opening plane 1.7 0.8 4.1 0.648 0.183 0.876 0.38 Small
Table 5. Spatial measurements of the acetabular opening plane in relation to the pelvic frontal plane for version, inclination and tilt
Variable []
All acetabula (n = 66) Female (n = 16) Male (n = 42)
Version (direct rim) 18.3 ± 5.5 (4–34) 21.0 ± 6.7 (12–34) 16.9 ± 4.8 (4–26)
Version (opening plane) 21.1 ± 5.4 (10–39) 22.3 ± 7.7 (11–39) 20.6 ± 4.5 (10–33)
Inclination 48.3 ± 4.4 (36–58) 49.8 ± 4.1 (43–58) 48.1 ± 4.1 (46–56)
Tilt 18.9 ± 5.6 (5–32) 17.9 ± 6.2 (9–32) 19.2 ± 5.4 (5–32)
Version was measured in addition directly along the posterior and the anterior rim. All results are given as mean values with standard deviation
and ranges in degree.
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in the definition of the acetabular opening plane. A defi-
nition of the profile of the acetabular cup by subtended
angles was given in a cadaveric study [65]. Sets of paired
opposing radial angles subtended by the acetabular rim
were summed in four principal directions. Similar angles
measured by other investigators [1, 51, 65], and summation
of analogous rim locations of our measurements showed
comparable values (Table 7).
Regardless of the individual acetabular depth in our
study, the wave-like rim profile with its depressions and
prominences was a constant finding. We did not identify
posterior wall hypoplasia in our specimen, as it was sug-
gested for retroverted acetabuli [23].
The few studies reporting the depth of the articular
surface provide comparable data [51, 56, 66]. Depth has
usually been reported as a 2-D acetabular angle [34]
measured on AP pelvic radiographs for femoral head
coverage. While the width of the acetabular notch has been
reported [14, 51, 56, 66], no information had been available
on the size of the acetabular fossa. Our data suggest gender
differences in the depth of the articular surface of the
cranial acetabulum were dominated by the size of the fossa
rather than by the outer rim topography. The smaller
articular surface in females adjacent to the acetabular notch
was caused by the substantially wider notch in women.
Acetabular tilt has been subject to only one previous
study, reporting an almost identical value of 18.3, without
studying for gender [51]. We found no gender differences.
In a sonographic study of hips in newborns [17], forward
rotation of the ultrasound beam of 30 revealed best vision
into the acetabular notch, which suggests acetabular ante-
rior tilt. Likewise, backward tilt of a horizontal line along
the transverse acetabular ligament was described in another
study [43]. Allocations of acetabular surface particularities
or lesions were given either with reference to the acetabular
incision [4, 6, 35, 39, 55, 66] or in relation to the vertical
axis of the patient as seen during surgery [30, 38, 58]. The
individual acetabular tilt and variations in pelvic tilt [2, 10,
12, 32, 33, 41, 48, 57] complicate comparison of these data.
The same applies to measurements of acetabular version
on CT scan, where difficulties and potential errors for
measurements were reported [2, 32]. Apart from variations
in pelvic tilt [2, 10, 12, 32, 33, 41, 48, 57], this can now be
explained by variations of acetabular tilt, which influences
spatial positions of peaks and depressions along the rim.
The results of our measurements for version are compa-
rable to other anatomical studies (Table 8).
Decreased acetabular version has been suggested as a
factor leading to FAI [54]. The influence of acetabular
inclination or tilt on FAI has not been systematically
Table 6. Comparison of hip diameter values
Study Both genders Female Male Measuring method
Clarke et al. [7] 48.3 ± 3.8 45.1 ± 2.3 51.3 ± 3.0 Skeleton, femoral head
Noble et al. [49] 46.1 ± 4.8 Radiography, female head
Sugano et al. [63] 44.9 ± 4.3 Radiography, female head
Shiino [56] 49.2 54.0 Skeleton, acetabulum
Stein et al. [61] 48.5 ± 4.8 55.7 ± 7.4 Skeleton, acetabulum
Thompson et al. [65] 50.9 ± 3.6 49.0 ± 1.45 52.9 ± 1.7 Skeleton, acetabulum
Effenberger et al. [14] 51.4 ± 3.7 Skeleton, acetabulum
Vandenbussche et al. [68] 48.5 ± 4.4 45.1 ± 2.2 51.9 ± 3.1 Three-dimensional computed tomography scan
Our study 52.3 ± 3.9 47.5 ± 2.7 54.0 ± 2.8 Skeleton, acetabulum
Results are given in millimeter as mean ± standard deviation.
Table 7. Comparison of different subtended angles in the literature
Author Gender Anteroinferior
to posterosuperior
Anterior wall
to posterior wall
Anterosuperior
to posteroinferior
Oberla¨nder et al. [51] Both 157
Anda et al. [1] Female 168
Male 166
Thompson et al. [65] Both 152 158 175
Our study Both 159 165 175
For this comparison, we supplied values without distinction of gender. In the direction anterior to posterior wall, our measurements for females
and males were both at 165. The exact rim location of measurements from one study to the other was difficult to determine, but the results show
a good consistency.
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examined yet. Low individual acetabular inclination is
likely to decrease anterosuperior hip clearance leading to
pincer impingement. Likewise decreased acetabular tilt
will place the constant rim prominences more inferior
causing decreased clearance. Although the acetabular
opening plane and the pelvis have a slightly different axis
of rotation due to acetabular version and inclination, the
entire acetabulum rotates with pelvic tilt, thereby placing
rim prominences and depressions at different positions of
the radiological beam. Pelvic forward tilt probably rotates
the anterosuperior rim prominence into a laterally promi-
nent radiological projection and at the same time the
posterosuperior rim depression into a medial projection.
These radiological changes have been attributed to altered
acetabular version [23, 28, 54, 57], but maybe the 3-D
situation is more complex.
This study revealed several important clinical aspects
mostly for impingement surgery,
First, descriptions of acetabular lesions should be given
using the acetabular notch as the landmark for 6:00.
Acetabular tilt and pelvic tilt should be indicated sepa-
rately. Second, the acetabular cup is smaller than a
hemisphere, with a constant succession of peaks and
depressions along the rim. Spatial positions of these are
influenced by acetabular tilt. This needs to be considered
for measurements of version on CT scans. Third, con-
sideration of the topography of articular surface as a
function of the acetabular fossa is important to avoid
over-de´bridement of the acetabular rim, particularly in
female patients. Knowledge of topography of the rim and
articular surface is important in reorientation osteotomies
to avoid impingement [58], or placement of a small
articular surface into the main weight-bearing area. Cer-
tainly, further studies are needed to prove whether pincer
FAI can result from prominence through individual spatial
positions in version, inclination, tilt, or a combination of
these in otherwise normal acetabula.
Acknowledgments We thank Kiril Mladenov, MD, for making the
plaster molds; Dr. B. Kaufmann from the Institute of Anthropology in
Aesch, Switzerland, for providing access to the skeletal specimens;
Alain Junod, PhD, and Bernard Stalder, PhD, for mathematical
advice; and Daniel de Menezes, MD, for discussion of the
manuscript.
References
1. Anda S, Svenningsen S, Dale LG, Benum B. The acetabular
sector angle of the adult hip determined by computed tomogra-
phy. Acta Radiol Diagn. 1986;27:443–447.
2. Anda S, Svenningsen S, Grontved T, Benum B. Pelvic inclination
and spatial orientation of the acetabulum: a radiographic, com-
puted tomographic and clinical investigation. Acta Radiol.
1990;31:389–394.
3. Beck M, Leunig M, Parvizi J, Boutier V, Wyss D, Ganz R.
Anterior femoral impingement: part II. Midterm results of sur-
gical treatment. Clin Orthop Relat Res. 2004;418:67–73.
4. Beck M, Kalhor M, Leunig M, Ganz R. Hip morphology influ-
ences the pattern of damage to the acetabular cartilage. J Bone
Joint Surg Br. 2005;87:12–18.
5. Bullough P, Goodfellow J, Greenwald AS, O’Connor J. Incon-
gruent surfaces in the human hip joint. Nature. 1968;217:1290.
6. Byers PD, Contepomi A, Farkas TA. A post-mortem study of the
hip joint. Ann Rheum Dis. 1970;29:15–31.
7. Clark JM, Freeman MAR, Witham D. The relation of neck ori-
entation to the shape of the proximal femur. J Arthroplasty.
1987;2:99–109.
8. Cohen J. Statistical power analysis for the behavioral sciences.
Hillsdale, N.J.: L. Erlbaum Associates, 1988: 16–18.
9. Daskalogiannaki ME, Gurtsoyannis NC. Variation in the
appearance of the normal sacroiliac joint on pelvic CT. Clin
Radiol. 1998;53:742–746.
10. DiGioia A, Hafez MA, Jaramaz B, Levinson TJ, Moody JE.
Functional pelvic orientation measured from lateral standing and
sitting radiographs. Clin Orthop Relat Res. 2006;453:272–276.
11. Dora C, Zurbach J, Hersche O, Ganz R. Pathomorphological
characteristics of posttraumatic acetabular dysplasia. J Orthop
Trauma. 2000;14:483–489.
12. Eckman K, Hafez MA, Ed F, Jaramaz B, Levison TJ, DiGioia
AM 3rd. Accuracy of pelvic flexion measurements from lateral
radiographs. Clin Orthop Relat Res. 2006;451:154–160.
Table 8. Comparison of our anatomic measurements of acetabular version with previous studies, including gender indications where applicable
Study Version [] Method
Both genders Female Male
Shiino [56] 15.5 12.5 Middle of 2 planes
McKibbin [41] 16.5 19.0 14.0 Direct rim
Maruyama et al. [40] 19.9 ± 6.6 21.3 18.5 Direct rim
Jamali et al. [28] 20.1 ± 6.4 Direct rim
Vandenbussche et al. [67] 20.9 ± 9.1 24.1 ± 7.8 15.7 ± 8.8 Navigation
Our results 18.6 ± 5.5 21.7 ± 6.6 17.0 ± 4.7 Direct rim
Our results 21.5 ± 5.6 23.2 ± 7.8 20.8 ± 4.5 Opening plane
Values were given as mean with standard deviation. The higher version of our acetabular opening plane values compared to direct rim measures,
were probably caused by the deeper posterior rim in relation to the anterior rim, where direct rim measurements were commonly taken. The
spatial orientation of the overlaying opening plane depends entirely on the three rim prominences.
Volume 467, Number 3, March 2009 Acetabular Morphology 689
123
13. Eckstein F, von Eisenhart-Rothe R, Landgraf J, Adam C, Loehe
F, Mu¨ller-Gerbl M, Putz R. Quantitative analysis of incongruity,
contact areas and cartilage thickness in the human hip joint. Acta
Anatomica. 1997;158:192–204.
14. Effenberger H, Koebke J, Wilke R, Hautmann J, Witzel U, Imhof
M, Richolt J. Acetabular shape and cementless cups. Comparison
of osteoarthritic hips and implant design [in German]. Orthopa¨de.
2004;33:1042–1050.
15. Eijer H, Myers SR, Ganz R. Anterior femoroacetabular
impingement after femoral neck fractures. J Orthop Trauma.
2001;15:475–481.
16. Faflia CP, Prassopoulos PK, Daskalogiannaki ME, Gourtsoyannis
NC. Variation in the appearance of the normal sacroiliac joint on
pelvic CT. Clin Radiol. 1998;53:742–746.
17. Falliner A, Hahne HJ, Hassenpflug J. Sonographic investigation
of anatomic specimens of infant hip joints. J Pediatr Orthop Br.
2002;11:192–203.
18. Ganz R, Gill TJ, Gauthier E, Ganz K, Krugel N, Berlemann U.
Surgical dislocation of the adult hip: a technique with full access
to the femoral head and acetabulum without the risk of avascular
necrosis. J Bone Joint Surg Br. 2001;83:1119–1124.
19. Ganz R, Klaue K, Vinh TS, Mast JW. A new periacetabular
osteotomy for the treatment of hip dysplasia: Technique and
preliminary results. Clin Orthop Relat Res. 1988;232:26–36.
20. Ganz R, Leunig M, Leunig-Ganz K, Harris WH: The etiology of
osteoarthritis of the hip. Clin Orthop Rel Res. 2008;466:264–272.
21. Ganz R, Parvizi J, Beck M, Leunig M, No¨tzli H, Siebenrock KA.
Femoroacetabular impingement-a cause for osteoarthritis of the
hip. Clin Orthop Relat Res. 2003;417:112–120.
22. Gekeler J. Coxarthrosis with a deep acetabulum (proceedings) [in
German]. Z Orthop Ihre Grenzgeb. 1978;116:454–459.
23. Giori NJ, Trousdale RT. Acetabular retroversion is associated with
osteoarthritis of the hip. Clin Orthop Relat Res. 2003;417:263–269.
24. Goodman DA, Feighan JF, Smith AD, Latimer B, Buly RL,
Cooperman DR. Subclinical slipped capital femoral epiphysis:
relation to osteoarthritis of the hip. J Bone Joint Surg Am.
1997;79:1489–1497.
25. Gu D, Dai K, Wang Y, Hu X, Xi J. Morphologic features of the
acetabulum bone joint area [in Chinese]. J Biomed Eng.
2003;20:618–621.
26. Ito K, Leunig M, Ganz R. Histopathologic features of the ace-
tabular labrum in femoroacetabular impingement. Clin Orthop
Relat Res. 2004;429:262–271.
27. Ito K, Minka MA 2nd, Leunig M, Werlen S, Ganz R. Femoro-
acetabular impingement and the cam effect: an MRI-based
quantitative anatomic study of the femoral head-neck offset.
J Bone Joint Surg Br. 2001;83:171–176.
28. Jamali AA, Mladenov K, Meyer DC, Martinez A, Beck M, Ganz
R, Leunig M. Anteroposterior pelvic radiographs to assess ace-
tabular retroversion: high validity of the ‘‘cross-over-sign’’.
J Orthop Res. 2007;25:758–765.
29. Kalberer F, Sierra RJ, Madan SS, Ganz R, Leunig M. Projection
of the ischial spine into the pelvic cavity: a new sign for ace-
tabular retroversion on plain radiographs. Clin Orthop Relat Res.
2008;466:677–683.
30. Kloen P, Leunig M, Ganz R. Early lesions of the labrum and the
acetabular cartilage in osteonecrosis of the femoral head. J Bone
Joint Surg Br. 2002;84:66–69.
31. Lavigne M, Parvizi J, Beck M, Siebenrock K, Ganz R, Leunig M.
Anterior femoroacetabular impingement: part I. Techniques of
joint preserving surgery. Clin Orthop Rel Res. 2004;418:61–66.
32. Lazennec JY, Charlot N, Gorin M, Roger B, Arafat N, Bissery A,
Saillant G. Hip spine relationship: a radio-anatomical study for
optimization in acetabular cup positioning. Surg Radiol Anat.
2004;26:136–144.
33. Lembeck B, Mueller O, Reize P, Wuelker N. Pelvic tilt makes
acetabular cup navigation inaccurate. Acta Orthop. 2005;76:517–
523.
34. Lequesne M. Mesure des angles fondamentaux de la hanche ra-
diographique de l’adulte par un rapporteur combine. Rev Rhum.
1963;30:479–485.
35. Leunig M, Beck M, Woo A, Dora C, Kerboull M, Ganz R.
Acetabular rim degeneration: a constant finding in the aged hip.
Clin Orthop Relat Res. 2003;413:201–207.
36. Leunig M, Cassillas MM, Hamlet M, Herrsche O, No¨tzli T, Ganz
R. Slipped capital femoral epiphysis: early mechanical damage to
the acetabular cartilage by a prominent femoral metaphysis. Acta
Orthop Scand. 2000;71:370–375.
37. Leunig M, Podeszwa D, Beck M, Werlen S, Ganz R. Magnetic
resonance arthrography of labral disorders in hips with dysplasia
and impingement. Clin Orthop Relat Res. 2004;418:74–80.
38. Leunig M, Werlen S, Ungersbock A, Ito K, Ganz R. Evaluation
of the acetabular labrum by MR arthrography. J Bone Joint Surg
Br. 1997;79:230–234.
39. Locher S, Werlen S, Leunig M, Ganz R. Inadequate detectability
of early stages of coxarthrosis with conventional roentgen images
[in German]. Z Orthop Ihre Grenzgeb. 2001;139:70–74.
40. Maruyama M, Feinberg JR, Capello WN, D’Antonio JA. The
Frank Stinchfield Award: Morphologic features of the acetabu-
lum and femur. Clin Orthop Relat Res. 2001;393:52–65.
41. McKibbin B. Anatomical factors in the stability of the hip joint in
the newborn. J Bone Joint Surg Br. 1970;52:148–159.
42. Menschik F. The hip joint as a conchoid shape. J Biomechanics.
1997;30:971–973.
43. Meunier P, Lefe`vre C, Le Saout J, Kerboul B, Riot O, Meriot P,
Courtois B, Bellet M. Measurement of anteversion of cotyle. A
simple method using a frontal radiograph of the hip [in French].
J Radiol. 1987;68:799–804.
44. Millis BM, Murphy SB, Poss R: Osteotomies about the hip for the
prevention and treatment of osteoarthrosis. J Bone Joint Surg Am.
1995;77:626–647.
45. Murphy S, Tannast M, Kim Y-J, Buly R, Millis MB: Debride-
ment of the adult hip for femoroacetabular impingement.
Indications and preliminary clinical results. Clin Orthop Rel Res.
2004;429:178–181.
46. Murray DW. The definition and measurement of acetabular ori-
entation. J Bone Joint Surg Br. 1993;75:228–232.
47. Myers SR, Eijer H, Ganz R. Anterior femoral impingement after
periacetabular osteotomy. Clin Orthop Relat Res. 1999;363:93–99.
48. Nishihara S, Sugano N, Nishii T, Ohzono K, Yoshikawa H.
Measurements of pelvic flexion angle using three dimensional
computed tomography. Clin Orthop Relat Res. 2003;411:140–
151.
49. Noble PC, Alexander JW, Lindahl LJ, Yew DT, Greenberry WM,
Tullos HS: The anatomic basis of femoral component design.
Clin Orthop Rel Res. 1988;235:148–165.
50. No¨tzli HP, Wyss TF, Stoecklin CH, Schmid MR, Treiber K,
Hodler J. The contour of the femoral head-neck junction as a
predictor for the risk for anterior impingement. J Bone Joint Surg
Br. 2002;84:556–560.
51. Oberla¨nder W, Kurrat HJ, Breul R. Examination of the extension
of the osseus facies lunata. A functional study [in German].
Z Orthop Ihre Grenzgeb. 1978;116:675–682.
52. Philippon MJ, Stubbs AJ, Schenker ML, Maxwell RB, Ganz R,
Leunig M. Arthroscopic management of femoroacetabular
impingement: osteoplasty technique and literature review. Am J
Sports Med. 2007;35:1571–1580.
53. Quimby ML, Vig KW, Rashid RG, Firestone AR. The accuracy
and reliability of measurements made on computer-based digital
models. Angle Orthod. 2004;74:298–303.
690 Ko¨hnlein et al. Clinical Orthopaedics and Related Research
123
54. Reynolds D, Lucas J, Klaue K. Retroversion of the acetabulum: a
cause of hip pain. J Bone Joint Surg Br. 1999;81:281–288.
55. Santori N, Villar RN. Arthroscopic findings in the initial stages of
hip osteoarthritis. Orthopedics. 1999;22:405–409.
56. Shiino K. U¨ber die Hu¨ftpfanne. Z Morphol Anthropol. 1915;17:
325–356.
57. Siebenrock KA, Kalbermatten DF, Ganz R. Effect of pelvic tilt
on acetabular retroversion: a study of pelves from cadavers. Clin
Orthop Relat Res. 2003;407:241–248.
58. Siebenrock KA, Schoeniger R, Ganz R. Anterior femoro-ace-
tabular impingement due to acetabular retroversion. J Bone Joint
Surg Am. 2003;85:278–286.
59. Siebenrock KA, Scho¨ll E, Lottenbach M, Ganz R. Bernese
periacetabular osteotomy. Clin Orthop Relat Res. 1999;363:
9–20.
60. Steckel RH. New light on the ‘‘dark ages’’, the remarkably tall
stature of Northern European men during the medieval era. Soc
Sci Hist. 2004;28:211–229.
61. Stein MG, Barmeir E, Levin J, Dubowitz B, Roffman M. The
medial acetabular wall: normal measurements in different popu-
lation groups. Invest Radiol. 1982;17:476–478.
62. Stevens DR, Flores-Mir C, Nebbe B, Raboud DW, Heo G, Major
PW. Validity, reliability, and reproducibility of plaster vs digital
study models: comparison of peer assessment rating and Bolton
analysis and their constituent measurements. Am J Orthod
Dentofacial Orthop. 2006;129:794–803.
63. Sugano N, Noble PC, Kamaric MS: Predicting the position of the
femoral head center. J Arthroplasty. 1999;14:102–107.
64. Tague RG. Variations in pelvic size between males and females.
Am J Phys Anthropol. 1989;80:59–71.
65. Thompson MS, Dawson T, Kuiper JH, Northmore-Ball MD,
Tanner KE. Acetabular morphology and resurfacing design.
J Biomech. 2000;33:1645–1653.
66. Tillmann B. Die Beanspruchung des menschlichen Hu¨ftgelenks.
III. Die Form der Facies Lunata. Z Anat Entwicklungsgesch.
1969;128:329–349.
67. Vandenbussche E, Saffarini M, Deloge´ N, Moctezuma JL, Nogler
M. Hemispheric cups do not reproduce acetabular rim morphol-
ogy. Acta Orthop. 2007;78:327–332.
68. Vandenbussche E, Saffarini M, Taillieu F, Mutschler C. The
asymmetric profile of the acetabulum. Clin Orthop Relat Res.
2008;466:417–423.
Volume 467, Number 3, March 2009 Acetabular Morphology 691
123
